Magnesium sulphate has been demonstrated to be an effective neuroprotectant for babies delivered prematurely (under 37 weeks' gestational age). Antenatal administration reduces infant mortality and cerebral palsy (CP); however, uptake in the UK has been significantly lower than other countries. A quality improvement (QI) project (PReventing Cerebral palsy in Pre Term labour (PReCePT)) was carried out in the West of England, UK, to raise awareness of evidence and to improve the uptake of magnesium sulphate as neuroprotectant in preterm deliveries. Five National Health Service (NHS) Trusts and the West of England Academic Health Science Network participated in the QI project. The project was underpinned by a multifaceted QI approach that included: patient and clinical coproduction of resources; recruitment of clinical champions to support the local microsystems and create a stimulating/supporting environment for change; Plan, Do, Study, Act cycles; training for over 600 NHS staff and awareness raising and strategic influencing of key leaders. A baseline audit and regular measurement of the number of eligible women receiving magnesium sulphate was undertaken at each hospital site, and the overall programme was evaluated using data from an international benchmarking organisation for neonatal care outcomes-the Vermont Oxford Network. During the project 664 staff received magnesium sulphate training. The use of magnesium sulphate increased across the West of England from an average baseline of 21% over the 2 years preceding the project to 88% by the conclusion of the project. The project was also able to influence the development of a national data collection process for benchmarking the use of magnesium sulphate for neuroprotection in preterm deliveries in the U.K. PReCePT appears to have had a favourable effect on the uptake of magnesium sulphate across the West of England. The project has also provided learning about how to stimulate adoption and spread of evidence using a QI approach across a network.
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AbstrAct
Magnesium sulphate has been demonstrated to be an effective neuroprotectant for babies delivered prematurely (under 37 weeks' gestational age). Antenatal administration reduces infant mortality and cerebral palsy (CP); however, uptake in the UK has been significantly lower than other countries. A quality improvement (QI) project (PReventing Cerebral palsy in Pre Term labour (PReCePT)) was carried out in the West of England, UK, to raise awareness of evidence and to improve the uptake of magnesium sulphate as neuroprotectant in preterm deliveries. Five National Health Service (NHS) Trusts and the West of England Academic Health Science Network participated in the QI project. The project was underpinned by a multifaceted QI approach that included: patient and clinical coproduction of resources; recruitment of clinical champions to support the local microsystems and create a stimulating/supporting environment for change; Plan, Do, Study, Act cycles; training for over 600 NHS staff and awareness raising and strategic influencing of key leaders. A baseline audit and regular measurement of the number of eligible women receiving magnesium sulphate was undertaken at each hospital site, and the overall programme was evaluated using data from an international benchmarking organisation for neonatal care outcomes-the Vermont Oxford Network. During the project 664 staff received magnesium sulphate training. The use of magnesium sulphate increased across the West of England from an average baseline of 21% over the 2 years preceding the project to 88% by the conclusion of the project. The project was also able to influence the development of a national data collection process for benchmarking the use of magnesium sulphate for neuroprotection in preterm deliveries in the U.K. PReCePT appears to have had a favourable effect on the uptake of magnesium sulphate across the West of England. The project has also provided learning about how to stimulate adoption and spread of evidence using a QI approach across a network.
Problem
Cerebral palsy (CP) is a significant consequence of preterm birth. 1 Within the West of
England, approximately 500 infants are born weighing less than 1500 g each year. 2 These babies are eligible for antenatal magnesium sulphate, which has been proven to reduce the rate of CP. 1 Before the inception of this project, only between 8% and 66% of eligible infants were receiving this treatment across the five sites, 2 potentially resulting in disability that could have been prevented. Significant variation in operational practice was identified both within and between the sites, and we discovered that even where a policy existed that highlighted the need to give antenatal magnesium sulphate, it was not consistently being administered, and a large number of staff and parents were unaware of the need to offer this treatment, often confusing it with the treatment for pre-eclampsia.
The West of England Academic Health Science Network is a membership organisation made up of NHS health and social care providers, clinical commissioning groups, universities and the South West Ambulance Service. It acts to coordinate projects across the member organisations to improve quality and patient safety and speed up the adoption of evidence into practice.
'PReCePT' was codesigned with a range of partners in response to a call asking for local examples of best practice that could be shared with our member organisations and which would benefit from a QI approach to implementation and spread.
Dr Karen Luyt, MBChB, PhD, FRCPCH (Consultant in Neonatal Medicine and Consultant Senior Lecturer Neonatal Neuroscience, University of Bristol), submitted a proposal to share the progress that had been made in University Hospitals Bristol NHS Foundation Trust in the use of magnesium Open Access sulphate for neuroprotection in preterm babies with the maternity unit at Gloucestershire Hospitals NHS Foundation Trust.
A panel of peers reviewed the proposal and felt that it should be supported as the project was specific, measureable and could be delivered within a relatively short timescale. The panel also felt that it could aid understanding of how best to support our member organisations put evidence into practice and deliver cultural change.
The 'PReCePT' project's main aims were to: 1. focus on the needs of patients and the local population by increasing the numbers of eligible women offered and receiving treatment in the West of England to 60% within the project timeline 2. train core staff to understand the benefits of using magnesium sulphate for neuroprotection 3. support system change in the five NHS Trusts to embed this practice as 'business as usual' 4. find a sustainable long-term measurement system to enable continuous improvement. Other longitudinal aims, beyond the scope of the QI project were to: 1. improve the long-term neurodevelopmental outcomes of babies born at 30 weeks' gestation or less and reduce the incidence of CP in the West of England. 2. to decrease the long-term costs associated with CP in two key areas: -long-term public sector costs associated with neurodisability (on average €830 000 per child) 3 -compensation paid via the NHS Litigation Authority (£989.7 million). 4 We aimed to do this within a 6-month time period.
background Premature birth, where delivery occurs before 37 weeks' gestation, is associated with reduced survival and increased rate of life-altering complications, including physical disability, blindness, deafness and cognitive impairment, 5 compared with full term birth. Progress in perinatal care over the past three decades has led to greater survival rates for infants born prematurely 6 ; however the rate of disability in survivors remains high, with 14% of children delivered at less than 27 weeks' completed gestation having CP in one nationwide UK study. 7 In 2014, 10,781 babies born at less than 33 weeks' completed gestation were admitted to neonatal units in England, Scotland and Wales. 8 The incidence of CP in infants of these gestations is approximately 98.8 per 1000 live births in the UK, 9 equating to an estimated 1065 new cases of CP secondary to prematurity per year.
While this figure is small, the human impact of CP is unquantifiable for individuals and families. CP can lead to significant life-long issues far in excess of the physical difficulties encountered. 9 Financially, however, it is estimated that the lifetime cost per patient with CP, including healthcare, productivity and social costs, is in the region of €860 000 for men and €800 000 for women. 3 In addition to this, there were 188 claims for CP/brain injury to the NHS litigation authority in 2015/2016 totalling £989.7 million, 4 although this also includes babies born at full term and post-term.
While antenatal steroids 10 and surfactant therapy 11 have contributed significantly to increased survival rates for preterm babies, fewer interventions have specifically improved neurodevelopmental outcome. In meta-analysis, magnesium sulphate given prenatally to women at risk of preterm birth significantly reduced the risk of CP in their child (relative risk 0.68; 95% CI 0.54 to 0.87; five trials; 6145 infants). 1 Furthermore, the therapeutic number of women needed to be treated to prevent one case of CP is lower at earlier gestations, 46:1 (95% CI 26 to 187) at less than 30 weeks, increasing to 56:1(95% CI 34 to 164) before 32-34 weeks of gestation. 12 Despite these results and international recommendation, [13] [14] [15] uptake of magnesium sulphate for neuroprotection has been slow to develop in the UK. In 2012, only 9% of 1251 eligible UK deliveries (22-29+6 weeks' gestation) recorded in the Vermont Oxford Network (VON) database received antenatal magnesium sulphate, with only 5% of infants delivered at 28 weeks receiving the treatment. 2 In 2012, there were 8045 infants born at <1500 g in England and Wales. 16 Extrapolating the data for VON to the national population, this results in a potential 159 preventable cases of CP in 1 year alone. In contrast, in 2012 across VON (1048 units, 70.8% within the USA) 45.8% of infants in the same category were treated with magnesium sulphate, including 44.9% of infants at 28 weeks. 2 Uptake of magnesium sulphate in the UK has been increasing, with 24% of 1200 infants in VON receiving antenatal treatment in 2013. 17 However, when the project was started in 2014, it was estimated if the rate of increase in uptake remained constant (15% per year) it would take at least a further 4 years to reach the target uptake of 90% where it stands for antenatal steroids. Furthermore, variability in practice between UK units is striking with the lowest quartile of units in the UK having 3.8% or lower uptake and the upper quartile of units having almost 10-fold higher rates.
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In order to expedite the uptake of magnesium sulphate and therefore improve neonatal outcomes, efforts are required to raise awareness of the body of evidence for practice change with clinicians (particularly midwives, obstetricians and neonatologists), parents, operational managers and chief executives.
'PReCePT' was designed to embed this evidence-based intervention into routine NHS obstetric practice to conclude the final stage of translational research.
'PReCePT' was carried out in five NHS Trusts in the West of England. This study evaluates the impact of this QI intervention in terms of uptake rates across participating Trusts.
The five The data were analysed to see if there were any discernible patterns to usage, for instance variation by clinician, between emergency presentation compared with planned birth or between Trust. The data were also cross-referenced to check that the numbers from the case notes aligned to the data submitted to VON, in order to check whether any data processing errors existed. The results of this quantitative data from NIHR CLAHRC West also allowed validation/cross-checking with the Badgernet data. The results from this study are in press. The research midwife data showed significant variation in practice with one site administering to only 8% of women (below the 12% UK national average) with the best administering to 66% of women.
In addition to variation across the sites, we identified clear patterns in variation within sites between gestational age, singleton/multiple birth and diagnosis of hypertension in mother and also between emergency presentation compared with planned birth. Our working hypotheses were that: 1. that not all clinicians knew when to offer the treatment, and if it was appropriate in complex presentations: highlighting a knowledge mobilisation issue 2. that in emergency presentations there may not always been time to administer the full dose, and clinicians might not be aware of the benefits of administering the loading dose.
design exploratory phase
The initial design of the project was codesigned by a core QI team comprised of obstetricians, neonatologists, midwives, QI coaches and parents (supported by the charity Bliss). 18 This team included staff from the 'originating' team who had led the improvement in Bristol and the 'adopting' team from Gloucestershire.
The first task was to collect baseline information about current practice in the use of magnesium sulphate for neuroprotection. It was agreed that the most effective way to measure the success of this project was to use quantitative data that were already being routinely collected for VON, which included monthly uploads of data about premature births, including whether magnesium sulpate had been administered. Having found that the local data were well below the rates of equivalent Western health systems in the USA and Australia, the team then agreed that there was a strong need to work together to codesign a range of products that could be used to help train and raise awareness in health staff, inform parents and make the case for change.
These exploratory findings were shared with the West of England Academic Health Science Network's Board, and several of the local hospitals' chief executive officers agreed that the project should be supported and an executive sponsor of the project was selected.
The QI team's initial vision was to design the programme to include three further phases. ► design: to help understand and diagnose the current systems and processes, understand the current variation, model the likely impact of the intervention and articulate the case for change ► testing: to test the ideas, concepts and products from the design phase in the complex setting of an NHS maternity unit ► evaluation, dissemination and spread: to share results locally and nationally.
design phase
The design phase aimed to: ► articulate and communicate the project's aim and build a shared purpose ► understand the patient population's needs from patient and clinical perspectives and by learning from the lived experience of public contributors ► agree the target patient group and subgroups ► understand the current systems and processes in place in each of the five maternity units ► identify the professional groups whose behaviour we were seeking to influence ► understand the current demand for this treatment and model the likely impact of our intervention in terms of clinical effectiveness, patient experience and cost. We originally thought this phase would take 3 months.
Testing phase
The original intention was to support Gloucestershire Hospitals NHS Trust to use the Institute of Healthcare Improvement (IHI) model to undertake Plan, Do, Study, Act (PDSA) cycles to test and refine the ideas, concepts and products from the design phase with the aim of fully embedding a practice change.
We originally anticipated that this might take several PDSA cycle ramps to complete, including: ► communication of shared purpose ► staff knowledge mobilisation ► patient knowledge mobilisation ► behaviour change ► measurement ► system change. We anticipated this would take 3-6 months to complete.
evaluation, dissemination and spread
The group anticipated that once this process had been designed and tested in Gloucestershire and we had made a case for sustainable change, we would then be able to share the resources that had been developed locally to the other three maternity units in the area. Any learning from this group process could then be shared via clinical networks and nationally.
The group felt that the overall design of the programme would be an effective way of spreading best practice from one hospital site to another as it would allow scrutiny of what had worked well and what could have been improved, supporting the iterative process of adoption in other sites. ► microsystems 5Ps approach (purpose, patients, people, process and patterns) 21 
design phase
The QI team began the design phase in Spring 2014. Using a coproduction approach 22 with parents with lived experience of preterm birth, the neonatal charity 'Bliss', professionals and other key stakeholders, the team began to articulate and communicate the project's aim and build a shared purpose. The team used elements of the Experience-Based Co-Design toolkit 20 and through iterative design cycles produced several draft products ready for testing.
These included:
► Clinical tools and prompts:
-a clinical care pathway with standardised auditable checklist -a proforma for patient notes to make recording as easy as possible. ► Clinical and patient information:
-communication materials to outline the case for practice change, designed by clinicians for clinicians -a patient information leaflet designed by parents with lived experience of preterm birth in conjunction with the charity 'Bliss' to explain the need for the treatment, the potential positive outcomes and the likely side effects for mothers while in labour when the magnesium sulphate is given. -an infographic outlining the case for change nationally (UK) and in our local area (West of England) -a recognisable name and brand for the programme -a range of promotional collateral to help market the project (pens, magnets for booking-in boards, lanyards with the key pathway steps on them). ► Training approach:
-clinicians designed a training pack that could be adapted to suit each site and for different clinical audiences -a 'train the trainer' programme was devised to cascade the training. -digital tablet devices were procured to enable 'agile' training opportunities. ► QI approaches:
-a detailed implementation plan -a measurement strategy -an evaluation strategy. ► Operational delivery mechanisms:
-contracts to provide financial support to the Trusts to allow research midwives to be released to lead the project, undertake a baseline assessment, deliver the training and promote the project emerged from this codesign process -governance structures -executive sponsorship -regular programme meetings with research midwives were established. We originally thought this phase would take 3 months; in reality, it took 4 months to complete as the number of Trusts that wanted to take part in the programme increased. At the end of the design phase, the QI team had originally planned to hold a learning event for key Open Access clinicians, operational managers and patients from Gloucestershire and then work with Gloucester Hospital NHS Foundation Trust to help develop a series of PDSA cycles to test and refine the products. However, an unexpected opportunity allowed us to present the case for change and the draft products in front of a wider clinical audience at the South West Obstetrics Network (SWON).
This event inspired all five maternity units in the West of England to work together and try to adopt the practice in parallel, rather than wait to test in one location first. All the units could see the benefit of the approach and could not see any advantage in waiting to be included in the project. The scope of the project therefore expanded from two to five maternity units. While staff from the original cohort had been fully involved in the codesigned development phase, the three other units were recruited at speed, and local adaptations to the products were then completed and procured rapidly within a 6-week time frame.
In order to speed up adoption, we found funding to ring-fence some time for research midwives to become the 'clinical champions' for the project. We calculated that to complete the baseline audit, roll out training, act as an ambassador for the project and measure the ongoing uptake of magnesium sulphate, we would require 90 hours of time. To support this, we engaged with chief executives of all the hospitals and asked for their active leadership to help facilitate the programme. This senior leadership support was vital for the success and speed of the project.
Following baseline assessment from VON data and case note audit two phases of PDSA cycles were completed.
Testing phase
The testing phase of the project was split into two tranches, commencing on 1 August 2014 and 1 October 2014, respectively. The end of this phase was scheduled on 31 March 2015 for both tranches. The research midwives formed a temporary regional QI team and met regularly together through this period. They were very experienced practitioners with a keen interest in evidence and data and a track record of being involved in research. On a personal level, they were articulate and skilful communicators, passionate about making a difference for patients and understood their local microsystems in detail. For some, it was the first time they had used formal QI methodologies and so training on the IHI Model of Improvement 19 was given and QI coaching was provided throughout.
Implementation phase 1
The 'PReCePT' care bundle was introduced across all sites using the codesigned materials.
Each of the five maternity units undertook to collect outcome data and some process measures in the same way using a shared measurement system. Each was provided with the initial draft resources developed by the design
Implementation phase two and onwards
The 'PReCePT' care bundle was adapted for local conditions.
Inevitably, some of the products in the design phase needed to be adapted to meet local conditions. We found that what emerged during the testing phase was a model that supported each unit to align to a common set of measures, metrics and aims but which allowed each site to create bespoke approach to fit the needs of their local microsystem. Each research midwife then designed and tested changes to ensure the care bundle met the needs of their local system. In addition to changes to the initial design, some of the midwives innovated new products, services or processes, which were then tested for effectiveness. Table 1 gives examples of some of the key local PDSA tests of change in the individual units and the three overarching themes that emerged.
By the end of the testing phase, the data confirmed that some of the products that had been created in the design phase were being used by all five units with no change, some had needed further refinement to meet the individual units' needs and, in addition, new change ideas had generated helpful innovations that it was then possible to spread from one site to another (table 1) .
At the end of the testing phase, a final 'lessons learnt' meeting captured what had gone well and what they would have done differently with hindsight. Overall, the research midwives felt that they had achieved the aim to have embedded the project as 'business as usual' in each maternity unit's operational system and to have trained enough staff to change the custom and practice of the use of magnesium sulphate. The main challenge identified by the research midwives had been the 3-month time frame that had been particularly challenging for those units that had volunteered to join the project after the SWON event. In hindsight it would have been better to have given these teams more time to prepare.
Measurement systems had been embedded that would allow ongoing monitoring and a continuous QI process, which the West of England Academic Health Science Network agreed to continue to monitor for 2 years after the project formally finished. What change was tested?
Was this change successful, and was it evidenced?
Awareness raising and promotion Midwives on the unit were not routinely aware of which mothers were eligible for the intervention. A set of stickers depicting the project logo were developed and attached to relevant sets of notes on admission.
Each mother with the sticker on the notes received the intervention.
It also had the unintended consequence of making notes easier to find for the purpose of continually monitoring uptake and providing performance feedback to unit staff.
Awareness raising and promotion Based on previous experience on the unit, it was known that simple and accessible protocols aided uptake of new practice and promoted consistency in administration. The lead midwife asked the intended audience what they would find helpful as an aide memoire. As a result, credit card-sized cards depicting the clinical protocol were designed to be attached to identification lanyards already worn by clinical staff.
During project implementation, staff were observed referring to the cards on a daily basis.
When the test batch was depleted, unit staff requested additional stock and suggested amendments and improvements for subsequent iterations.
This was the most successful of all the materials in promoting awareness among staff in this unit.
Awareness raising and promotion The original PReCePT patient leaflets were tested and found to be suitable for those women who were expected to encounter a preterm birth and could be given them in advance. However, the leaflets were found to be too long for use by mothers in a stressful emergency premature labour. The unit lead developed an A5 leaflet containing just the key points for mothers in emergency labour.
Direct feedback from patients in this unit was not evaluated in real time, as the leaflet was used at a highly stressful moment in labour. However, unit staff requested more leaflets when the initial stock was depleted, indicating the countermeasure was valued by staff through use and feedback from women after birthsaid they had valued it.
Equipment and environment The clinical supplies needed to support administration were stored in separate locations and required additional time to collate in a timecritical situation.
A brightly coloured and clearly marked 'PReCePT' box was created containing all necessary materials and stored in a prominent position behind the nurses' station.
Unit staff were observed to use the box and request that other staff do so when admitting patients. Also, unit staff commented directly to the project lead on its ease of use and visibility.
Training and knowledge mobilisation Difficulties were noted in accessing some staff groups for training either due to time constraints or because of rostering conflicts (particularly night staff).
The training presentation was sent out to staff by email, with the request for automatic confirmation of the email being opened and understood by the recipient being included. Numbers of staff opening the email was tracked, with 52 staff members in a single unit using the automated response function. Furthermore, the unit's project lead did not note any variation in uptake between day and night shifts. In another unit the research midwife spent several night shifts educating staff through a 'micro-training' approach.
Continued
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Evaluation, dissemination and spread The West of England Academic Health Science Network commissioned an external qualitative evaluation of the project to consider how the local maternity teams felt about the effectiveness of the QI project, with a particular emphasis on how to capture any lessons learnt with regards to the project's design, implementation and potential future replication in other Trusts. This qualitative evaluation was undertaken using a realistic evaluation framework that used mixed method qualitative focus groups, surveys and quantitative data capture. The aim of the evaluation was to consider the experiences of staff across all five hospitals in which the project was conducted in order to better understand effectiveness and learn lessons to improve the quality of the project. Frequent evaluation at key points in the project's lifecycle is a key component of QI science as it allows the project team to learn lessons, make any changes that are needed to the project plan and then run further PDSA cycles using the Model for Improvement. The evaluation report looked particularly at the following areas: ► communication regarding the project ► delivery of training ► the use of midwives for project delivery ► perceived impact on level of knowledge around magnesium sulphate for neuroprotection ► the quality of the materials from the design phase. Once the evaluation was completed, the project results were disseminated across the five maternity units and reported into their local governance structures. In addition, the results were shared at SWON and at national and international conferences.
The project highlighted the need to update the UK's national audit tool (Badgernet, http://www. clevermed. com/ badgernet/ badgernet-neonatal/) to include the use of magnesium sulphate for neuroprotection in preterm birth to allow a UK audit of practice. This change has now been implemented, and the intervention has also been included in recent National Institute for Health and Care Excellence guidance.
resulTs
The first aim of the 'PReCePT' project was to focus on the needs of patients and the local population by increasing the numbers of eligible women offered and receiving magnesium sulphate in preterm labour in the West of England to 60% within the project timeline.
Each of the five sites improved the rate at which magnesium sulphate was administered for preterm birth during the project timeline. A total of 82 eligible preterm deliveries occurred within the project timeline and of these 72 eligible births received the magnesium sulphate intervention, equating to 88% of eligible births. There was variation across the five sites, with some sites ensuring that every eligible woman was given the dose, but all units overachieved against the original ambition of 60% (table 2 and table 3 ).
Theme What situation was observed?
What change was tested?
Training and knowledge mobilisation Difficulties were noted in accessing some staff groups for training through traditional mechanisms (such as large scale training sessions). The project midwife adapted the first iteration of the training presentation to suit a 7-inch tablet screen. This was then used to support opportunistic 'micro training' sessions (with as few as a single participant) that could be completed to suit the ebb and flow of clinical demands on the ward. The rate of numbers trained increased following the introduction of a 'micro training' approach. This approach was used in addition to existing, larger scale training opportunities. It also helped to train people on night shifts, when traditional training sessions are not available.
Training and knowledge mobilisation The numbers of staff initially targeted for phase 1 of the training was too large to be manageable within the constraints of the project. A review of the staff group was undertaken to find those most able to influence uptake. Efforts were then directed to ensuring that these key staff received the relevant training and could cascade.
The trend of missed opportunities for giving the intervention was towards zero during the project timeframe, and there were no missed opportunities during the whole of 2015/2016
(after the conclusion of the project).
PDSA, Plan, Do, Study, Act; PReCePT, PReventing Cerebral palsy in Pre Term labour.
Table 1 Continued
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Overall, of the 82 eligible births since the commencement of the project, 72 have received the recommended intervention, an overall compliance of 88%.
For example in one site, the run chart (figure 1) shows how the team started PDSA 1 with awareness training about the 'PReCePT' care bundle and marketing, followed by training permanent staff and then identifying a need to ensure locum, student and agency staff also knew what to do. They also found ways to embed this work into policy and practice and we can see from longitudinal data and subsequent submissions to the national Badgernet database (tables 2 and 3) that this has been maintained over time.
Measurement of the outcomes is subject to considerable monthly variation because of the low numbers of preterm births in smaller units. The local run charts in each of the five sites enabled the teams to identify when a dose had not been administered and then find out why. Some common themes about missed doses emerged across the five units. These included: ► emergency presentation preventing time for loading dose ► confusion among untrained staff about who should give the loading dose and when ► human error.
Patient choice
The continuous improvement approach allowed each team to learn from a missed dose and try new tests of change to improve system reliability, moving to measurement systems that noted the days between a missed dose. The impact of the programme therefore went beyond its end date and the majority of teams continued to improve outcomes.
The second aim of the project was to train core staff to understand the benefits of using magnesium sulphate for neuroprotection. The five sites identified 584 core staff that needed to be trained and overachieved, training 664 people between September 2014 and March 2015. A survey of 76 of the clinicians attending the training demonstrated that 96% found the training to have been of a high quality, stating it was clear and concise, easy to understand and contained a good range of information that was easy to remember. Four per cent said that it could have been improved by having more detail on how Open Access the magnesium sulphate worked and would have liked more time spent discussing the background evidence. Following the training, 89% reported that they would feel highly confident at putting the learning into practice and now had the skills to implement the required changes. Eight per cent felt they needed more support, and three per cent did not respond to this question. The evaluation focus groups highlighted that different staff groups appeared to want a slightly different emphasis in the training. The medics reported that they liked an emphasis on the evidence base, whereas the midwives reported that they liked to know about the practical elements of the intervention, for example, when the loading dose should be given and by whom. All staff groups reported that they found it very powerful to hear the training message about why magnesium sulphate was given as a neuroprotectant and the impact that a change in their practice could have on a child and their family. The focus groups also revealed that finding the time to do such widespread training had been difficult. Many of the innovations the research midwives led concentrated on how to deliver the training as quickly and efficiently as possible. The teams also all learnt to incentivise the training and find ways to make it visible within the microsystem that someone had completed their training (eg, by giving out a badge, lanyard or pen to those that completed it). All sites emphasised how important it had been to have local champions to spread this training and described how the research midwives' passion for the project was 'infectious' and helped to spread the learning.
The third aim was to support system change in the five NHS Trusts to embed this practice as 'business as usual'. All sites stated they had achieved this, and the ongoing measurement of the numbers of eligible women suggests that this is the case. Some of the participating Trusts that had not achieved system reliability with 100% of eligible women being offered this intervention during the project period have continued to improve and have now achieved this ambition.
The fourth aim was to find a sustainable long-term measurement system to enable continuous improvement. This has been achieved through influencing the addition of the use of magnesium sulphate to the UK's national audit tool. 24 
lessons and limiTaTions
The five maternity units that took part in the programme overachieved against the original target in a very challenging time scale and in the complex,fast paced and resource stretched environment of UK NHS hospital Trusts.
Based on the collective findings across the five organisations, the main lessons and limitations were: ► The flexible approach to training and implementation allowed adaptation of the project to suit each hos- Open Access pital, while keeping a consistent strategic approach to the primary aim to increase uptake of magnesium sulphate and the use of standard measures across the community of practice to measure progress. The flexibility of this local 'bottom-up' approach to development was perceived to increase 'ownership' of the project and helped with staff engagement and 'buyin'. ► All felt that the use of infographics, posters and marketing collateral was key to raising the awareness of the project; the time invested during the design phase to develop these had actively helped to create a collective vision about the case for change. ► The involvement of people with lived experience of preterm birth in the codesign of the project was extremely beneficial. A coproduction approach was used throughout and parents helped to articulate the need for change, cocreate the materials in the design phase, hold the quality teams to account for progress, help to design the programme and present and disseminate the results. ► A visual data management system is helpful when giving feedback to the teams on the progress of the project. This could take the form of a '5Ps' poster, 21 the use of a 'big room' 25 or by having a site-specific 'PReCePT' poster showing the baseline, the current achievement level and the ambition of the project. ► It was critically important that people felt that they could improve on the products created in the design phase and optimise them for their particular microsystem. The encouragement of an experimental culture led to many sites innovating new approaches and taking the project forward in ways that could not have been anticipated at the onset of the work. A good example of this was the development of the 'PReCePT' box, where all the required information and resources were readied ahead of time, so that in the rush of an unexpected preterm delivery, where the administration of the magnesium sulphate was time critical, valuable minutes were not lost searching for all the separate components for care. This was felt to have increased the likelihood of the intervention being given. ► The patient leaflet was well received for those mothers who had a history of preterm birth or who were identified as at high risk of preterm delivery but who were not in active labour. However, testing revealed that the leaflet was too long for those women who presented in active labour. One site took the core messages from the original leaflet and made a shorter, more concise version detailing the benefits and side effects of magnesium sulphate. ► A range of training packages and methods of training delivery were used. Some sites took a formal classroom-based approach, whereas others used digital solutions. The training materials were also adapted to suit the specific learning needs of differing staff (such as doctors, midwives and supporting staff). It was proposed it might be best to identify two training leads (one for the night and one for the day shift). Using the local knowledge of the research midwives about what would work and fit into the local culture was key to the success of the training. ► A lead-in time of at least 3 months to allow for sufficient planning and preparation was suggested, as the sites that opted to join the project ahead of schedule experienced significant time pressure in meeting project requirements and releasing midwife capacity to support the project. This meant that some did not get the protected time that had been planned for and instead had to continue to deliver 'PReCePT' as well as existing duties. Ideally, there should be adequate time for recruiting and training of key staff prior to implementation. ► Careful thought should be given to the skills, knowledge and capabilities required to be a 'PReCePT' 'clinical champion'. Core skills included: being able to deliver training, communicate to a range of staff groups, lead change, organise and collect data, run PDSA cycles, help innovate new ideas and know how to embed and sustain systems to support continuous QI. The focus groups also showed just how important the research midwives' personal qualities and leadership skills were to the success of the project, using their enthusiasm to drive forward change and to remind staff why they were making this change by keeping the longer term impact of their immediate actions on a child's life alive in the team's mind. The infographics and photos also helped to get this message across. ► Consistent guidance is required for each site to determine which staff can give magnesium sulphate to prevent delays and confusion. ► Greater clarity at each site about when to begin the loading and full dose of magnesium sulphate and a better explanation about potential side effects for women in labour and the evidence base would improve staff knowledge. ► Consideration should be given to strategies for training staff that have limited time available to help guide project leads delivering training. This could include guidance on cascade training or encouraging use of project champions. The use of digital technology such as tablet computers to allow on site and 'tea trolley' training was found to be very helpful across all five sites. PReCePT is a clear example of how at a regional level in England an Academic Health Science Network can enable cross-system working and support different organisations to work together to deliver against a common vision for improvement to get evidence into practice. In addition, the 15 Academic Health Science Networks across England have the collective capability and capacity to act as vehicles for national adoption and spread of local improvement work to help improve patient outcomes and increase the cost-effectiveness of the initial design process.
Open Access
The limitations of the project include the small number of participating sites (n=5), the 6-month duration of the QI project and relatively low numbers of births (n=89).
conclusion
The evidence suggests that the 'PReCePT' project had a positive effect on both knowledge mobilisation and practice within the five maternity unitss. For midwives in particular, there was an improved awareness of the reasons for using magnesium sulphate in births at 30 weeks or less to help reduce the rate of CP in children. While some of the consultants and registrars may have already been armed with this knowledge prior to the project, it appears that the proactive nature of the campaign had greatly increased the incidence of administration of the drug. This project highlights the key role that midwives play in implementing evidence-based perinatal interventions.
Our background research identified that the problem with low rates of magnesium sulphate provision in anticipated preterm delivery is pervasive throughout the UK and internationally. The need for additional resources to expedite use into routine antenatal care has been recognised; however, little has been published on what this should involve or how to implement it. A binational, centrally funded QI programme is ongoing in Australia and New Zealand, 26 providing educational materials and prompts to maternity hospitals in order to increase awareness of the national magnesium sulphate guideline. This has shown an increase in the rate of uptake of magnesium sulphate since the inception of the project, 27 and the main findings are expected soon. Work from this group has identified that 'knowledge and skills' are enablers to uptake, as were reminders, prompts and influential colleagues, 28 as seen in our project. The universal and international nature of the magnesium sulphate recommendation makes our project generalisable, and the persistently elevated rate of uptake in all units implies that our project is sustainable. The lessons learnt from our PDSA cycles, and the improvements to the materials produced, are applicable to units throughout the UK and beyond, and we suggest could be replicated in other healthcare settings for different health conditions .
Having a project lead at each site ensured that training reached as many staff as possible and that the message was spread to core staff and to those who may come into contact with patients who might benefit from magnesium sulphate. Use of training aids and visual prompts helped promote interest in the project and improve knowledge and understanding around the key messages. The flexibility for each site to run the project in a way that suited their hospital appeared to be important in developing a sense of ownership of the project by each lead midwife and allowed for changes to be made to suit the differing needs of staff and patients.
The helpful partnership with NIHR CLAHRC West has allowed a robust independent evaluation and statistical analysis of the quantitative data, cross-checking the VON and Badgernet submissions (data in press).
The five sites identified 584 core staff that needed to be trained and overachieved, training 664 people between September 2014 and March 2015. All of the sites dramatically improved the rate at which magnesium sulphate was administered for preterm births achieving an average of 88% of eligible births in only 6 months. This level of uptake is comparable with current uptake of antenatal steroids for preterm births in the UK, an intervention that required more than 20 years from the establishment of the evidence base to become routinely embedded in perinatal practice at this level of adoption.
